The Chern-Simons topological term dynamical generation in the effective action is obtained at finite density. By using the proper time method it is shown that the Chern-Simons coefficient essentially depends on a chemical potential. In particular, when the number of particles exceeds that of antiparticles in background it can even disappear. On the other hand, when antiparticles prevail particles it does not disappear and at high densities even doubles.
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Since introducing the Chern-Simons topological term [1] and by now the great number of papers devoted to it appeared. Such interest is explained by variety of significant physical effects caused by Chern-Simons secondary characteristic class. These are, for example, gauge particles mass appearance in quantum field theory, applications to condense matter physics such as the fractional quantum Hall effect and high T c superconductivity, possibility of free of metric tensor theory construction and so on.
It was shown [2] [3] [4] in the conventional zero density gauge theory that the Chern-Simons term is generated in the Eulier-Heisenberg effective action by quantum corrections. The main goal of this paper is to explore the possibility of the Chern-Simons term generation at finite density in a 3-dimensional gauge theory. At finite density we can expect that because of noninvariance of the chemical potential term µψγ 0 ψ under charge conjugation it would contribute to CP and P T nonconserving quantity -Chern-Simons term. As we will see, this expectation is completely justified. The zero density approach usually is a good quantum field approximation when value of chemical potential is small as compared with characteristic energy scale of physical processes. Nevertheless, for investigation of topological effects it is not the case. As we will see below, even small density presence could lead to the principal effects. Rather amazing result of this paper is that the sign of chemical potential (i.e. what prevail particles or antiparticles in physical background) has the crucial influence on the Chern-Simons term generation.
Introduction of a chemical potential µ in a theory corresponds to the presence of a nonvanishing background charge density. So, if µ > 0, then the number of particles exceeds the number of antiparticles and vice versa. It must be emphasized that the formal addition of a chemical potential looks like a simple gauge transformation with the gauge function µt. However, it not only shifts the time component of a vector potential but also gives corresponding prescription for handling Green's function poles. The correct introduction of a chemical potential redefines the ground state (Fermi energy), which leads to a new spinor propagator with the correct ǫ-prescription for poles. So, for a free spinor propagator we have (see, for example, [5, 6] )
wherep = (p 0 + µ, p). So, when µ = 0 one at once gets the usual ǫ-prescription because of the positivity of p 0 sgnp 0 . In the presence of a background Yang-Mills field we consequently have for the Green's function operator
Let's first consider a (2+1) dimensional abelian case and choose background field in the form
To obtain Chern-Simons term in this case it is necessary to consider the background current
rather than the effective action itself. This is because the Chern-Simons term formally vanishes for such the choice of A µ [3] but its variation with respect to A µ produces a nonvanishing current. So, consider
where
Let's rewrite Green's function (2) in the more appropriate form
Now, we will use the well known integral representation of denominators
which corresponds to introducing the "proper-time" s in calculation of the Eulier-Heisenberg lagrangian by the Schwinger method [7] . We obtain
For simplicity, we restrict ourselves only by magnetic field case, where
Then we easily can factorize the time dependent part of Green function
By using the obvious relation
one gets
Here the first term corresponds to the usual µ independent case and there are two additional µ dependent terms.
In calculation of the current two kind of traces arise:
where j = 1, 2 and µ = 0, 1, 2 and tr γ µ γ 0 e isgσF/2 = 2g 0µ cos (g|
Since we are interested in calculation of the topologically nontrivial part (Chern-Simons term) it is enough to consider contributions of the terms containing dual strength tensor * F only. The relevant part of the current reads
Evaluating the momentum integral we derive
Thus we get besides the usual Chern-Simons part [3] also µ dependent one. It is easy to calculate it by a virtue of the formula
and we get eventually
Let's now discuss a non-abelian case. Then A µ = T a A µ a in (2) and
It is well known [3, 8] that there exist only two types of the constant background fields. The first is the "abelian" type (it is easily to see that the self-interaction f abc A µ b A µ c disappears in such the choice of background field)
where η a is an arbitrary constant vector in color space, F νµ = Const. The second one is the pure "non-abelian" type
Here the derivative terms (abelian part) vanish from the strength tensor and it contains only the self-interaction part
. It is clear that to catch abelian part of the ChernSimons term we need to consider the background field (13), meanwhile for the non-abelian (derivative noncontaining, cubic in A) part we have to use the case (14).
Calculations in the "abelian" case reduces to the previous analysis, except the trivial adding a color indices in the formula (12):
In the case (14) all calculations are similar. The only difference is that the origin of the term σ µν F µν in (8) is not linearity A in x (as in abelian case) but the pure non-abelian A µ = Const. Here the term σ µν F µν in (8) becomes quadratic in A and we have
Combining formulas (15) and (16) and integrating over field A µ a we obtain eventually
where W [A] is the Chern-Simons term
This is our final result. It is clearly seen that in a physical situation where µ > 0 (i.e. particles prevail antiparticles in a system), we have two different cases. The first is when µ 2 < m 2 . Then µ dependence disappears and we get the usual Chern-Simons term
The more interesting case is when µ 2 > m 2 , which in particular includes the important massless case m = 0 widely discussed in the literature (see, for example [3, 9] ). One can see that here the Chern-Simons term disappears because of non-zero density of background fermions.
In the other hand, when µ < 0 (i.e. the number of antiparticles exceeds that of particles) the situation is absolutly different. The Chern-Simons term does not disappear and at high densities even doubles.
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